###### Strengths and limitations of this study

-   In this cross-sectional study, participants were randomly selected from rural and urban areas by stratified cluster sampling.

-   Weight category was defined using age-specific and sex-specific body mass index cut-off points specifically developed for the Chinese adolescent population.

-   The influence of confounding factors on the results was effectively controlled by the multivariate logistic regression method.

-   Missing data from childhood measurements were handled with a mean imputation technique.

-   The content of the questionnaire was mostly recalled by the parents or guardians and there might be information bias in this survey.

Introduction {#s1}
============

The prevalence of obesity has increased dramatically among children, adolescents and adults worldwide in recent decades.[@R1] Overall, the global proportion of adolescents with obesity has increased significantly from just 4% in 1975 to just over 18% in 2016.[@R2] There is compelling evidence revealing a significantly higher proportion of overweight or obese adolescents in recent years, which has reached alarming levels. Recently, scholars have conducted many studies on overweight and obesity. Overweight and obesity are predisposing factors for many chronic diseases, such as type 2 diabetes, cardiovascular diseases, respiratory diseases, musculoskeletal disorders and various types of cancer.[@R3] Rong *et al*[@R4] found an association of adolescent obesity with non-alcoholic fatty liver disease (NAFLD) and revealed that the incidence of NAFLD increased with increasing body weight. Lisan *et al*[@R5] compared patients with obesity and severe obstructive sleep apnoea (OSA) with and without prescription of positive airway pressure (PAP) therapy and found that participants with PAP prescriptions had a higher body mass index (BMI) than participants not prescribed PAP. It has been estimated that overweight and obesity are the fifth leading cause of death worldwide, accounting for nearly 3.4 million deaths annually.[@R6] In addition, obesity is considered a risk factor for the development of chronic kidney disease.[@R7] In this context, the American Medical Association classified obesity as a disease to get physicians to pay more attention to the condition.[@R8]

In China, the largest developing country, nearly one-third of adolescents were overweight or obese in 2016, and the prevalence rate of obesity increased from 0.10% in 1976 to 8.50% in 2016. Sun *et al*[@R9] found that the prevalence of obesity and of overweight and obesity combined was 8.1% and 19.2%, respectively, among children and adolescents aged 7--18. Zhang *et al*[@R10] reported that the prevalence rates of overweight and obesity among primary school children were 15.2% and 11.7%, respectively, in Jiangsu Province. Therefore, it is of key importance to understand the risk factors for overweight and obesity to prevent adolescents from developing the disease.

We investigated the physical condition of adolescents aged 11--18 years from six middle schools in Changchun, which is the capital of Jilin Province. The aims of the current study were to determine the prevalence of overweight and obesity and to analyse various associated factors among adolescents with overweight and obesity in Changchun, Jilin.

Methods {#s2}
=======

Subjects {#s2-1}
--------

A cross-sectional survey was conducted in Changchun City, the capital of Jilin Province in northeastern China. The study sample comprised middle and high school students from six middle schools (three in urban areas and three in rural areas), selected randomly using stratified cluster sampling. Overall, 1955 students aged 11--18 years were included in this cross-sectional survey; subjects with overweight/obesity due to known metabolic and endocrine diseases were excluded. Students were also excluded if they had mental or physical impairments severe enough to cause abnormal behaviours, including congenital disease, intellectual disability and psychiatric disorder.[@R11] We used the Strengthening the Reporting of Observational Studies in Epidemiology checklist in this study.

Data collection {#s2-2}
---------------

The study was carried out by the First Hospital of Jilin University in April 2016. The investigation received informed consent from students and parents. The project was named 'Effect and mechanism of weight loss on upper airway collapsibility in obese patients with Obstructive Sleep Apnea Syndrome (OSAS)' and studied the associations of overweight, obesity and related factors with sleep-related breathing disorders and snoring in adolescents. In this database, we focused on the relevant indicators of overweight and obesity in adolescents and analysed the risk factors for obesity in adolescents. The interviewers from the First Hospital of Jilin University helped the parents or guardians to complete the questionnaire and provided the data. The questionnaire included demographic characteristics (age, sex, area, dietary habits, sleep, exercise, highest parental education, birth history, BMI classification, paternal weight and maternal weight), anthropometric parameters (weight, height) and the Paediatric Sleep Questionnaire-Sleep-Related Breathing Disorder (PSQ-SRBD). Data about sleep duration and dietary habits (frequency of fresh fruits consumption, frequency of dessert consumption, frequency of breakfast consumption, frequency of fast food consumption, slowness in eating, picky eating) were selected from the PSQ-SRBD scale according to various reports[@R12] about adolescent obesity.

Key variables {#s2-3}
-------------

BMI is used here as an indicator of overweight and obesity in adolescents and adults. Weight category was defined using age-specific and sex-specific BMI cut-off points specifically developed for the Chinese adolescent population.[@R15] We used the 85th and 95th percentiles to define overweight and obesity in adolescents. Therefore, BMI values of 24 and 28 were used as cut-off points for overweight and obesity, both for boys and girls aged 18 years, which were consistent with Chinese adults. In our study, parental overweight was divided into two groups: normal (BMI \<24) and overweight or obese (BMI ≥24).[@R14] Parents and caregivers provided information on adolescents' weight (to the nearest 1 kg) and height (to the nearest 1 cm). Overall, children were classified by age into three groups (\<13 years, 13--15 years, \>15 years), by region into two groups (urban, rural) and by sex into two groups (male, female). Participants who slept less than 8 hours over 3 days a week were classified as 'sleep \<8 hours', and those who slept more than 10 hours over 3 days a week were defined as 'sleep \>10 hours'.[@R17] Birth history was divided into three groups: preterm birth (infants born alive before 37 weeks of pregnancy), full-term birth (infants born alive after 37 completed weeks to less than 42 completed weeks) and post-term birth (infants born alive at 42 completed weeks or after).[@R18] Parental educational level was divided into four groups: primary school or lower (including those who had never attended school and those with elementary schooling only), junior high school, senior high school (including those with 3 years of secondary vocational schooling) and university or above.[@R17] According to the content of the questionnaire, we classified participants' eating habits. According to the Food Guide Pagoda,[@R19] fruit intake should be 200--350 g/day and sugar intake should be no more than 50 g/day, so we used eating 'fresh fruits more than two days per week (350 g/d)', 'dessert more than two days per week', 'breakfast more than two days per week' and 'fast food more than two days per week' as cut-offs. Participants who were classified as 'picky eating' were defined as adolescents who had selectivity for a particular kind of food.[@R20] 'Slowness in eating' was defined as adolescents with higher masticatory performance and who ate slowly.[@R21] Groups were formed according to the number of exercise days (aerobic, strength training or both for at least 30 min a day), including never (participate in sports ≤1 day per week), sometimes (participate in sports 2--3 days per week) and often (participate in sports ≥4 days per week).[@R22]

Statistical analysis {#s2-4}
--------------------

Data input was performed using EpiData V.3.1, and statistical analysis was performed using SPSS V.24.0. Frequency distributions are used to characterise subjects, and percentage data are used to report prevalence. The relationship between each factor and the adolescents' weight status was reflected by χ^2^ tests and univariate and multivariate logistic regression. In univariate analysis, when p\<0.10, significant correlation factors were included in a forward stepwise multivariate logistic regression to exclude confounding factors. In all analyses, a two-tailed p value \<0.05 was considered statistically significant. Since the database was manually collated, some variables in the database had missing values, which resulted in waste and bias of data resources. The missing value was numeric, and the data were approximately normally distributed. The mean interpolation method was adopted in this study. Therefore, we used the 'replace missing value' function in SPSS V.24.0 and selected the 'mean of nearby points' method to interpolate the missing values.

Patient and public involvement {#s2-5}
------------------------------

The interviewers from the First Hospital of Jilin University helped parents or guardians complete the questionnaire and provided the data. The adolescents were not involved in the design, recruitment or conduct of the study.

Results {#s3}
=======

On the basis of the inclusion and exclusion criteria, we chose 1955 adolescents from Changchun, and of these adolescents 1825 were finally analysed in this study. Participants with missing BMI values were excluded from the study. Since the survey was already completed, we were unable to verify the source of data errors, so we deleted data with missing BMI values. According to the analysis of the frequency distribution, we found that there were 837 boys and 988 girls included; the median age of the students was 15.30 years, ranging from 11 to 18 years. Of these subjects, 42.9% were from rural regions and 57.1% were from urban regions, and most of the subjects were Han Chinese, accounting for 98.2%, with only a few participants with minority ethnicities.

According to the worldwide BMI classification, the overall prevalence of overweight was 12.7% (male 17.4%; female 10.1%) and the prevalence of obesity was 4.9% (male 8.8%; female 3.1%) in Changchun City, Jilin Province ([table 1](#T1){ref-type="table"}). Overweight and obesity rates were both higher in boys than in girls (p\<0.001). A higher prevalence of overweight was found in subjects whose ages ranged from 11 to 12 years, and the prevalence of obesity was higher in the 13--15 years age group (p=0.008). Children from urban areas showed a significantly higher proportion of overweight. Full-term birth subjects had a higher prevalence of overweight than others (p=0.014). In addition, students who ate fruits more than twice a week (p=0.029), ate slowly (p=0.004) and were picky (p=0.028) had a higher prevalence of overweight in the study. Paternal weight (p=0.018) and maternal weight (p=0.006) also had an effect on children's weight.

###### 

Prevalence of overweight and obesity according to demographic characteristics

  Variables                    n      Overweight          Obesity                     
  ---------------------------- ------ ------------------- --------- ----------------- ---------
  Sex                                                                                 
   Male                        837    17.4 (14.9--20.3)   \<0.001   8.8 (6.9--11.2)   \<0.001
   Female                      988    10.1 (8.3--12.2)              8.8 (6.9--11.2)   
  Area                                                                                
   Urban                       1042   14.4 (12.4--16.7)   0.14      5.6 (4.2--7.3)    0.863
   Rural                       783    12 (9.8--14.5)                5.8 (4.3--7.8)    
  Age                                                                                 
   \<13                        168    19.3 (13.9--26.1)   0.008     5.1 (2.5--10.3)   0.816
   13--15                      1157   11.6 (9.8--13.6)              5.9 (4.6--7.5)    
   \>15                        500    15.5 (12.5--19.0)             5.2 (3.4--7.7)    
  Birth history                                                                       
   Full-term birth             1621   14.2 (12.5--16.0)   0.014     6.0 (4.9--7.4)    0.285
   Preterm birth               133    5.4 (2.6--11.0)               3.2 (1.2--8.2)    
   Post-term birth             71     10.1 (4.9--19.8)              3.1 (0.8--11.7)   
  Fruits ≤2 times/week                                                                
   Yes                         1259   12.2 (10.5--14.2)   0.029     4.8 (3.7--6.2)    0.02
   No                          566    16.1 (13.2--19.5)             7.7 (5.6--10.4)   
  Dessert ≤2 times/week                                                               
   Yes                         887    12.4 (10.4--14.8)   0.252     5.2 (3.9--7.0)    0.49
   No                          938    14.3 (12.1--16.7)             6.0 (4.6--7.9)    
  Breakfast ≤2 times/week                                                             
   Yes                         1478   13.9 (12.2--15.8)   0.185     5.8 (4.7--7.3)    0.491
   No                          347    11.1 (8.2--15.0)              4.8 (2.9--7.9)    
  Fast food ≤2 times/week                                                             
   Yes                         264    10.0 (6.8--14.3)    0.095     5.4 (3.2--9.1)    0.402
   No                          1561   13.9 (12.3--15.8)             5.7 (4.6--7.1)    
  Slowness in eating                                                                  
   Yes                         1174   16.5 (13.8--19.7)   0.004     6.2 (4.5--8.5)    0.496
   No                          651    11.6 (9.9--13.6)              5.4 (4.1--6.9)    
  Picky eating                                                                        
   Yes                         1133   14.8 (12.8--17.1)   0.028     6.7 (5.3--8.4)    0.027
   No                          692    11.1 (8.9--13.7)              4.0 (2.7--5.9)    
  Exercise                                                                            
   Never                       451    15.9 (12.7--19.6)   0.194     4.2 (2.6--6.7)    0.315
   Sometimes                   478    12 (9.3--15.3)                6.6 (4.6--9.4)    
   Often                       896    12.8 (10.7--15.2)             5.8 (4.4--7.7)    
  Highest parental education                                                          
   Primary school or lower     95     8.0 (3.8--15.8)     0.196     8.0 (3.8--15.8)   0.724
   Junior high school          799    13.0 (10.8--15.6)             5.1 (3.7--7.1)    
   Senior high school          468    15.8 (12.7--19.5)             6.0 (4.1--8.8)    
   University or above         463    12.7 (9.9--16.2)              5.7 (3.8--8.4)    
  Sleep (hours/night)                                                                 
   \<8                         884    13.6 (11.5--16.1)   0.809     5.3 (3.9--7.2)    0.302
   8--10                       861    13.3 (11.1--15.8)             5.6 (4.2--7.5)    
   \>10                        80     11.0 (5.6--20.4)              9.7 (4.7--19.0)   
  Paternal weight                                                                     
   Normal                      827    15.4 (13.1--18.1)   0.018     7.6 (6.0--9.8)    0.002
   Ow or ob                    998    11.6 (9.6--13.7)              3.8 (2.7--5.4)    
  Maternal weight                                                                     
   Normal                      1099   14.8 (13.0--16.8)   0.006     5.6 (4.4--7.0)    0.807
   Ow or ob                    726    8.5 (6.1--11.7)               5.8 (3.9--8.7)    

Ob, obese; Ow, overweight; PR, prevalence rate.

To facilitate regression analysis, we divided the participants into two groups: underweight/normal weight and overweight/obese. [Table 2](#T2){ref-type="table"} shows the univariate analysis of correlates of overweight and obesity in adolescents. As impressively demonstrated in this table, the following factors all showed significant differences between the two groups: sex, age, birth history, frequency of eating fruits, eating habits (slowness in eating, picky eating) and parental weights (p\<0.05). According to the results, we added all these significant factors to a forward stepwise multivariate logistic regression model.

###### 

Univariate analysis of correlates of overweight and obesity in adolescents in Changchun

  Variables                    P value   OR     95% CI
  ---------------------------- --------- ------ --------------
  Sex                                           
   Female                      \<0.001   1      
   Male                                  2.13   1.66 to 2.72
  Area                                          
   Urban                       0.256     1      
   Rural                                 1.15   0.90 to 1.47
  Age                                           
   \<13                        0.070     1      
   13--15                      0.041     0.67   0.45 to 0.98
   \>15                        0.339     0.81   0.53 to 1.24
  Birth history                                 
   Full-term birth             0.008     1      
   Preterm birth               0.004     0.40   0.21 to 0.74
   Post-term birth             0.209     0.63   0.31 to 1.29
  Fresh fruits ≤2 times/week                    
   Yes                         0.003     1      
   No                                    1.46   1.13 to 1.87
  Dessert ≤2 times/week                         
   Yes                         1.197     1      
   No                                    1.17   0.92 to 1.49
  Breakfast ≤2 times/week                       
   Yes                         0.15      1      
   No                                    0.79   0.57 to 1.09
  Fast food ≤2 times/week                       
   Yes                         0.135     1      
   No                                    1.32   0.92 to 1.91
  Slowness in eating                            
   Yes                         0.007     1      
   No                                    0.71   0.56 to 0.91
  Picky eating                                  
   Yes                         0.004     1      
   No                                    0.69   0.53 to 0.88
  Exercise                                      
   Never                       0.74      1      
   Sometimes                   0.502     0.89   0.64 to 1.25
   Often                       0.484     0.90   0.67 to 1.21
  Highest parental education                    
   Primary school or lower     0.411     1      
   Junior high school          0.594     1.18   0.65 to 2.14
   Senior high school          0.229     1.45   0.79 to 2.68
   University or above         0.58      1.19   0.64 to 2.21
  Sleep (hours/night)                           
   \<8                         0.964     1      
   8--10                       0.952     0.99   0.78 to 1.27
   \>10                        0.805     1.08   0.60 to 1.94
  Paternal weight                               
   Normal                      0.001     1      
   Ow or ob                              0.64   0.51 to 0.83
  Maternal weight                               
   Normal                      0.011     1      
   Ow or ob                              0.67   0.49 to 0.91

Ob, obese; Ow, overweight.

[Table 3](#T3){ref-type="table"} shows the results of logistic regression models comparing the prevalence of the potential risk factors: sex, age, birth history, frequency of eating fruits, dietary habits (slowness in eating, picky eating) and parental weight. In this forward stepwise multivariate logistic regression model, boys were more likely to be overweight and obese than girls (OR=1.91, 95% CI 1.48 to 2.50). Students aged 13--15 years (OR=0.63, 95% CI 0.42 to 0.96) were less likely to be overweight than those aged 11--12 years. Compared with full-term birth, preterm birth (OR=0.45, 95% CI 0.24 to 0.85) was associated with normal weight. Participants who ate fruits more than twice a week (OR=1.41, 95% CI 1.09 to 1.84) were more likely to be overweight or obese. Moreover, the prevalence of overweight was higher in students who ate quickly (OR=1.37, 95% CI 1.06 to 1.78) than those who ate slowly. Compared with picky eaters, students who were not picky (OR=0.69, 95% CI 0.53 to 0.90) were less likely to be overweight.

###### 

Multivariate regression analysis of correlates of overweight and obesity in adolescents in Changchun

  Variables                    P value   *β*     SE     OR     95% CI
  ---------------------------- --------- ------- ------ ------ --------------
  Sex                                                          
   Female                                               1      
   Male                        \<0.001   0.65    0.13   1.91   1.48 to 2.50
  Age                                                          
   \<13                                                 1      
   13--15                      0.030     −0.46   0.21   0.63   0.42 to 0.96
   \>15                        0.121     −0.35   0.23   0.70   0.45 to 1.10
  Birth history                                                
   Full-term birth                                      1      
   Preterm birth               0.014     −0.80   0.33   0.45   0.24 to 0.85
   Post-term birth             0.337     −0.36   0.37   0.70   0.34 to 1.45
  Fresh fruits ≤2 times/week                                   
   Yes                                                  1      
   No                          0.010     0.35    0.14   1.41   1.09 to 1.84
  Slowness in eating                                           
   Yes                                                  1      
   No                          0.016     0.32    0.13   1.37   1.06 to 1.78
  Picky eating                                                 
   Yes                                                  1      
   No                          0.007     −0.37   0.14   0.69   0.53 to 0.90
  Paternal weight                                              
   Normal                                               1      
   Ow or ob                    0.002     −0.41   0.13   0.67   0.51 to 0.83
  Maternal weight                                              
   Normal                                                      
   Ow or ob                    0.049     −0.32   0.17   0.72   0.53 to 0.99

Ob, obese; Ow, overweight.

Discussion {#s4}
==========

To describe the epidemiology of overweight and obesity in Changchun City and analyse the influencing factors in adolescents, we conducted this survey of middle school students aged 11--18 years from urban and rural areas. We found that sex, dietary habits and parental weight had a significant impact on children's weight.

Based on the data, we found that the prevalence of overweight was 12.7% (male 17.4%; female 10.1%) and of obesity was 4.9% (male 8.8%; female 3.1%) among adolescents in Changchun City, Jilin Province. However, in recent studies, the overall prevalence of obesity in school-aged children in Xi'an was 4.11%, and the rate of overweight was 6.6% among Nanjing adolescents; these rates were both lower than the corresponding rates in Changchun. This difference may be caused by sample size, sex and age of the studied population.[@R24] In addition, demographic distribution and environmental factors are probable factors.[@R26] The economy in northeastern China is less developed than in the east and south of China to some extent.[@R27] Rates of overweight and obesity in rural areas were also higher in the north than in the south.[@R28] Depending on the season, people in the north might eat high-energy foods to combat the cold, which is referred to 'energy balance related behaviors'.[@R29] In our data, boys were more often obese than girls, in general, which was in agreement with previous Chinese reports.[@R30] A Swedish report[@R33] predicted that there was an alarming increase in the prevalence of overweight and obesity among adolescent boys, which was consistent with our finding. On the one hand, in traditional Chinese culture, the preference for boys may be the reason for the differences in diet, and the elderly believe that fat boys are more powerful than thin boys. On the other hand, well-groomed and fit girls are more favoured by Chinese society.[@R34] Girls also tend to be more concerned about their weight than boys.

We also found that adolescents who were picky, ate more fruits in general and ate quickly were more likely to be overweight or obese according to our survey. In recent reports,[@R37] a greater fruit intake was a protective factor against overweight, which was opposite to our results. Fructose, which is ubiquitously found in fruit and sugar-sweetened beverages, is one of the factors contributing to the rising rates of obesity.[@R39] High intake of fructose may reduce the abundance of the bacterial species *Eubacterium eligens*, reduce metabolism of monosaccharide and lose the ability to consume large amounts of fat.[@R41] The fructose intake threshold for adolescents is currently averaged at 75 g/day. If teenagers get too much fructose without consuming glycogen in time, fructose will be converted into fats at a higher rate.[@R42] Based on the results of our study, it was reasonable to speculate that the children were already full in addition to the excessive intake of fruits with high sugar content. Moreover, the heavy study task in China makes children fail to consume extra energy through exercise, leading to the possibility of being overweight. For obese children, parents believe they can control their weight by increasing fruit intake. This may also have contributed to the fact that the children in our cross-sectional study who ate more fruits were more likely to be overweight. However, given our inconsistent results with previous findings,[@R37] whether the reason is due to different classifications needs further research.

According to a recent study,[@R44] food preference was an independent risk factor for overweight among children. It is known that children who had selectivity for a particular kind of food would prefer more fast food, snacks and sugary beverage[@R45] and fewer fruits and vegetables.[@R46] However, the frequency of dessert and fast food consumption had no significant effect in our study, perhaps because the data were provided by parents or guardians who provided an inaccurate account of how often their children ate sweets and fast food. Currently, several studies have considered that food intake is a primary factor that determines body weight.[@R47] Li *et al*[@R22] concluded that excessive intake of cooking oil might be one of the risk factors for overweight. According to a previous study in Tianjin,[@R47] overweight students preferred significantly more sweet food and take-out food than their counterparts with normal weight. The result might be influenced by many elements, such as peer influence, food price, convenience, online influence and so on, based on a recent report.[@R50] To reduce the prevalence of overweight and obesity, a series of interventions have been implemented, such as controlling television time and increasing sports time.

In our research, we found that if fathers and mothers were overweight, adolescents were less likely to be overweight, which was inconsistent with previous conclusions.[@R51] Studies[@R54] have found that higher BMI in fathers increased the risk of overweight/obesity among boys and girls. However, these findings were not consistent across studies. In a previous study, the researchers found that the relationship between parents' and children's BMI did not exist when longitudinal analyses of changes in BMI over 4 years were performed.[@R56] This may explain why a short period of periodic surveys alone does not fully demonstrate a parent--child link to obesity, and we still need long-term research to further explore the relationship between the two factors. Berge *et al*[@R57] found that overweight or obese parents were more likely to adopt a strict dietary restriction to prevent adolescent obesity. Moreover, children's growing environment and living habits will also affect their own obesity levels, which will have an impact on our results.[@R50] Further prospective studies that assess both energy expenditure and energy intake in children are more likely to clarify this concept.

Some potential limitations exist in this cross-sectional study. The content of the questionnaire was mostly recalled by the parents or guardians and there might be information bias in this survey. In addition, we set the classification standard of eating fruit frequency as 'eating fruit 2 days a week' combined with the questionnaire data recalled by the parents or guardians, which may not be appropriate. Further studies considering different classifications and a quantitative measurement are required.

Conclusions {#s5}
===========

In summary, in this cross-sectional study, we found that the prevalence of overweight and obesity among adolescents in Changchun, Jilin Province was high. Sex, age, birth history, dietary habits and parental weight were important factors for overweight and obesity in adolescents. Therefore, reasonable lifestyle and effective weight control are necessary to prevent overweight and obesity in adolescents. There are still several limitations to this study, and we need to obtain more accurate information and perform more specific analysis. Further research should be conducted on the health of adolescents in China, and further intervention measures should be implemented to reduce the prevalence of overweight and obesity.
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